OBJECTIVE: To examine whether adolescent males and females who were victims of bullying were at greater risk of a higher body mass index (BMI) and obesity by young adulthood. DESIGN: Secondary analysis of data from a community-based cohort study. SUBJECTS: A sub-sample of 1694 offspring (50% males) who were participants in the Mater-University of Queensland Study of Pregnancy (MUSP), Brisbane, and who provided bullying information at 14 years and physical assessment at 21 years. MAIN OUTCOME MEASURES: BMI and its categories as normal, overweight or obese at 21 years. RESULTS: One in two adolescent males and one in three adolescent females reported that they had been bullied at school by others. We found that adolescent males and females who were bullied were at a significantly greater risk of a higher BMI and obesity by young adulthood. Fourteen-year-old males who were occasionally/often bullied at school had 0.64 (95% confidence interval (CI): 0.02, 1.27) kg m 2 greater mean BMI by 21 years compared with males who were never bullied by 14 years. This mean difference in BMI was 1.52, (95% CI: 0.75, 2.29) kg m 2 for females. Similarly, the odds of being obese were 2.54 (95% CI: 1.58, 4.09) times at 21 years for those males who were bullied occasionally/often compared with adolescent males who were never bullied. For females, this was 2.18 (95% CI: 1.40, 3.39). Overweight adolescents who experienced bullying had the greatest increase in BMI by young adulthood. Adjusting for potential confounding or mediating factors, the associations remain strong for males but are attenuated for females. CONCLUSIONS: The findings of this study suggest that both male and female adolescents who were bullied often/sometimes by their peer group at 14 years were at greater risk of higher BMI and obesity by young adulthood.
INTRODUCTION
The increase of overweight and obesity in children and adolescents has risen sharply, 1, 2 and recent studies addressing on weight-related victimisation suggest that bullying is indeed a very widespread and frequent experience for overweight and obese adolescents. 3, 4 Obesity in children and adolescents is associated with a myriad of negative social and psychological consequences including weak peer relationships, 4 being rejected by peers, 5 impaired psychological wellbeing 4 and peer aggression such as bullying. 6 Similarly, research has found that bullying is significantly associated with decreased self-esteem, feelings of depression, increased anxiety, isolation, loneliness and behaviour problems. 4 Several cross-sectional studies [7] [8] [9] have been conducted in this area with all finding a positive relationship between peer group bullying and obesity. Of those studies that provided an effect size, children and adolescents who had been victims of bullying or interpersonal violence from their peers had odds ratios ranging from 1.52 to 2.67 for obesity. 10 Recent prospective data have demonstrated that a child who is deemed overweight by his or her peers is more likely to experience bullying. 4 Puhl and Latner argue 11 that this may assist in advancing some theories used to explain cross-sectional research linking overweight and obesity to bullying (that bullying leads to obesity). However, two recent longitudinal studies challenge this argument by suggesting that peer group bullying in adolescence predicted significant increases in body mass index (BMI). 12, 13 The first study compared children who progressively became obese over a 4-year period with nonobese children. It is found that peer victimisation and bullying at age 11 doubled the probability of becoming obese by age 15, after controlling for baseline BMI. The second study found that obese females who experienced peer group bullying at age 12-13 years had a significant increase in BMI by age 17. The researchers report that the opposite was found for male participants. Bullying at age 12-13 years was found to significantly decrease BMI's for obese males. It is important to note, however, the participants in this study were obese to begin with and the peer group bullying was not associated with increases in BMI in normal weight children and adolescents.
There are three possibilities to be considered (i) obesity may lead to bullying; (ii) bullying may lead to obesity; and/or (iii) other factors including poverty, bad behaviours, unhealthy food and screen time (for example, TV watching) may lead to both obesity and bullying. The majority of research conducted in this area has focused on the association between being overweight or obese and subsequent bullying and social isolation. However, there are few studies that examine whether this association may be bidirectional. 10 It may well be that obesity itself induces negative repercussions such as bullying. It is also plausible to suggest that a biological or temperamental factor may be responsible for the onset of both weight-based bullying and psychological and social impairment. Or third, it could be that negative experiences of bullying predispose children and adolescents to overeating and obesity.
The purpose of this study is to investigate the association between adolescent bullying behaviours and overweight/obesity with the aim of determining whether adolescents who are the victims of bullying are at a higher risk of becoming overweight and obese by young adulthood. We hypothesise that adolescent who are the victims of bullying are more likely to have higher BMI and are at greater risk to become overweight and obese by young adulthood compared with the adolescents who were not victims of bullying.
MATERIALS AND METHODS

The study
This study uses data from the Mater-University of Queensland Study of Pregnancy and its outcomes (MUSP), which is a prospective study of 7223 women, and their offspring, who received antenatal care at a major public hospital in south Brisbane between 1981 and 1983 and delivered a live singleton child who was not adopted before leaving hospital. 14, 15 These mothers and their offspring have been followed-up prospectively with maternal questionnaires being administered when their offspring were 6 months, 5, 14 and 21 years. In addition, at 5, 14 and 21 years detailed physical, cognitive and developmental examinations of the offspring were undertaken, and at 14 and 21 years the offspring completed health, social and lifestyle questionnaires. Because of limited funding, at 21 years, we conducted physical assessments for a subsample of nearly 2632 young adults. Consistent with the experiences of other cohort studies, the MUSP has collected a broad range of data at different follow-ups. Some of the data were simply collected as part of the broader coverage of lifestyle and behavioural factors at the 14-year follow-up. At 14 years, information about being bullied was available for a sub-sample of 3929 adolescents using a supplementary questionnaire (this supplementary questionnaire commenced at a stage when data were already available on 1000 participants). Combining these two subsets, the main analyses in this study are restricted to 1694 offspring for whom we had measured height and weight at 21 years and self-reports of being bullied at 14 years.
Written informed consent from the mothers was obtained at all data collection phases and from the young adults at the 21-year follow-up. Ethics committees at the Mater Hospital and the University of Queensland approved each phase of the study. Full details of the study participants and measurements have been previously reported. 14, 15 In general, non-participants were more likely to be from families with low income at birth, to have mothers who smoked throughout their pregnancy, had poorer mental health and to have mothers and fathers with lower educational attainment. 14, 15 Measurements Adolescents bullying. At 14-year follow-up, children were asked, 'Have you ever been bullied by other kids at your school?' with response options 'Never', 'Occasionally', 'Every few weeks' or 'Almost every day or more'. For the analysis, the last two response options were combined into one group, because there were few adolescents who responded to being bullied almost every day or more. We have collected additional information about adolescent experiences of being bullied for a sub-sample of 830 adolescents at 15-year follow-up. 16 We asked several questions including 'How often have you been bullied in school this term?' (with response options 'Never', 'It has only happened once or twice', 'Now and then', 'About once a week', 'Several times a week'), 'Have you been bullied by one or several students?' (with response options 'Mainly by one boy', 'By several boys', 'Mainly by one girl', 'By several girls', 'By both boys and girls', 'I haven't been bullied this term') and 'About how many times have you been bullied (Circle one number) in the last 5 days at school? (Don't include the weekend)' (with response options, 'No time', 'Once', 'Twice', '3 or 4 times', '5 or more times'). When we combine this sub-sample with the sub-sample of young adults for whom we have measured BMI the sample size become 339. Because of small number, we have conducted the main analyses for the large sample (N ¼ 1694) where adolescents being bullied by other kids at the school were grouped as never, occasionally or every few weeks/almost every day or more. We have used 15 years bullying information to partially validate the 14-year bullying data. Considering all five items (four from the 15 years and one from the 14 years), we found the Cronbach's a is 0.78, which indicates a consistent pattern of response to all five items. We have also estimated the partial correlation coefficients of these items. We found there was a moderate correlation (r ¼ 0.50) between the 14-year bullying item and 15-year bullying items.
Body mass index. Offspring BMI (weight in kilograms divided by the square of height in metres that is, kg m 2 ) at 14-and 21-year follow-up were calculated from the measured weight and height. In all assessments, the average of two measures of the participant's weight (Wedderburn Personal Scales Model UWBW150, Wedderburn, Japan), lightly clothed with a scale accurate to 0.2 kg was used. A portable stadiometer (Road Rod 214 Portable Stadiometer, Hanover, MD, USA) was used to measure height. At 14-year follow-up, most adolescents came to the Mater hospital for physical assessment and interview. For those who could not come to the hospital site an interviewer organised a home visit for physical assessment and interview. Similarly, we conducted physical assessment at 21-year follow-up. Accuracy and reliability of each instrument was tested at each of the follow-up. Physical assessment instruments were calibrated once in a year by the suppliers. We developed a detail protocol for physical assessment at each follow-up of the study. At the 14-year follow-up, overweight and obesity were defined according to standard definitions derived from international surveys by Cole et al. 17 At 21 years, BMI was categorised into normal (BMI o25 kg m 2 ), overweight (BMI ¼ 25-29 kg m 2 ) and obese (BMI X30 kg m 2 ) using the WHO classification of BMI cutoffs.
18
Confounding or mediating factors. The following maternal and child characteristics were considered to be potential confounding factors on the basis of a priori knowledge 19 of their association with adolescents bullying and young adults BMI. Available potential confounders were maternal age at birth (in years), offspring sex, race (White, Asian and Aboriginal-Islander), maternal educational attainment (did not complete secondary school, completed secondary school, completed further/higher education), adolescents internalising and externalising behavioural problems, pubertal stage, fast food consumption, sport and TV watching, all of which may affect adolescents bullying and BMI.
Adolescents internalising (Cronbach's a 0.87) and externalising (Cronbach's a 0.87) behavioural problems are measured using the Achenbachs Youth Self Report (YSR) at age 14. 20 The YSR is a widely used, standardized, empirically based parental report instrument designed to assess behavioural problems and competencies of children aged 4-18 years (23). This instrument has been shown to have construct validity and is standardized for age and sex. The measurement of emotional/ behavioural problems using the YSR does not constitute a clinical diagnosis. We describe those children with scores above the 90th centile as having behavioural problems at age 14 years. We have chosen a 10% cutoff to ensure adequate numbers for analysis, rather than the t-score that is used for clinical purposes.
We obtained self-reported data on pubertal development using Tanner drawings of the five stages of pubertal development, which for men involve the development of genitalia and pubic hair and for women, breasts and pubic hair. 21 Validations have confirmed that child/youth selfreports of pubertal development are in good agreement with independent ratings. 22 For analytical purposes and to increase statistical precision, the five stages of pubertal development were collapsed into three categories as stage 1 to stage 2 as initial stage, stage 3 as middle stage and stages 4 and 5 as advanced stage.
At the 14-year follow-up mothers were asked to report the frequency of their child's consumption of fast food (with response options of rarely or never, 2 or 3 times a week, most days), and to report the amount of time her child spent watching television (o1 h per day, 1 to o3 h per day, 3 to o5 h per day and 5 or more hours per day) and the amount of time they spent on sports or exercise (4-7 days per week; 0-3 days per week). These are self-reported data with a possibility of reporting bias. However, studies suggested that self-reported fast-food consumption associated with energy intake and diet quality 23 and self-reported TV watching is useful for characterising viewing behaviour, although objective measurement adds precision that may be useful in certain settings. 24 Adolescents bullying and adult obesity AA Mamun et al
Statistical analysis
We have tabulated the available bullying information and mean (s.d.) BMI by bullying information separately for males and females (Table 1) . We used w 2 -test to examine the association of categorical values of maternal and child characteristics by adolescents bullying status (Table 2) . We used F-tests to compare mean values of maternal and child factors with adolescents bullying (Table 2) . Statistical evidence for a difference in effect between males and females was assessed by means of a likelihood ratio test of the interaction with sex. As we found significant statistical difference that the effect differed between the males and females, results are presented separately for males and females. We also presented male and female combined results to ensure statistical precision.
A series of multiple linear regressions are used to examine the potential confounding or mediating effect of various factors in different models. Initially we presented unadjusted mean difference of BMI with 95% confidence interval (CI). Model 2 was adjusted for maternal age, education and race and adolescents fast food, TV watching, sports participation, internalising and externalising behavioural problems. In the final model, in addition to all the factors in model 2, we have included pubertal stage to examine whether puberty confounds/mediates the prospective association between being bullied at 14 years and BMI at 21 years. Similarly, a series of multinomial logistic regression was used to estimate the odds of being overweight and obese at 21 years (Table 4) . We have carried out SobelGoodman tests 25 to test whether externalising and internalising behavioural problems mediate the association between being bullied at 14 years and BMI at 21 years.
To address the direction of causality, at least partially, we have generated a composite indicator combining bullying (being bullied often/sometime vs never bullied at 14 years) and BMI categories (normal BMI vs overweight) as four mutually exclusive categories: normal BMI at 14 years and not bullied, normal BMI at 14 but bullied at 14 years, overweight at 14 years but not bullied at 14 years and overweight at 14 years and bullied at 14 years (Table 5) . At 14 years, BMI was categorised as normal and overweight (including obese group). Then we used a similar series of multiple regressions to examine the prospective association between this composite indicator of bullying and BMI group in the adolescent period and the mean difference in BMI at 21 years adjusting for potential confounding or mediating factors (Table 5 ).
All analyses were undertaken using Stata version 11.0 (Stata inc., College Station, TX, USA).
RESULTS
The proportion of adolescents being bullied at school at age 14 and the mean BMI at 21 years is presented in Table 1 . One in two males and one in three females reported that they were ever being bullied at school by others. One in four males and one in three females were bullied in school in the current term. Irrespective of sample size, mean BMI for males by the level of bullying did not differ considerably but those females reported that they were being bullied frequently by several males or by both males and females had significantly greater mean BMI at 21 years (all P-values o0.022, Table 1 ).
The associations of maternal and child factors with adolescent bullying are presented in Table 2 . Offspring of younger mothers (o20 years), with a background of White racial origin, had externalising and internalising behavioural problems, were at a lower stage of puberty and participated less frequently in organised sports were at greater risk to be bullied at 14 years. Maternal education, offspring frequency of fast food consumption and TV watching were not associated with bullying.
Mean differences in BMI at 21 years by being bullied at 14 years are estimated separately for males, females and combined using (Table 3) . Because of small numbers in the often category, the bullying information was grouped into two categories, never bullied and occasionally/often bullied. Mean differences in BMI at 21 years for males and females being occasionally/often bullied were greater compared with the never bullied adolescents. In the unadjusted model, if 14-year males were occasionally/often bullied at school they had 0.64 (95% CI: 0.02, 1.27) kg m 2 greater mean BMI by 21 years compared with the males who never bullied by 14 years. For females the similar effect size was higher (mean BMI difference was 1.52, 95% CI: 0.75, 2.29). Adjusting for potential confounding factors including adolescents internalising, externalising and pubertal stages did alter this association slightly for female but remain consistent for males. After, further adjustment for the 14-year BMI, the association reduced nearly 50% and only males and females combined association remains statistically significant.
The odds of being overweight and obese at 21 years by being occasionally/often bullied at 14 years are presented in Table 4 . In the unadjusted model, the odds of being obese were 2.54 (95% CI: 1.58, 4.09) times at 21 years for those males who were bullied occasionally/often compared with adolescent males who were never bullied. Young females who were occasionally/often bullied at 14 years were 2.18 (1.40, 3.39) times as likely to be obese by age 21 compared with young females who were never bullied by others at school (unadjusted association in Table 4 ). For males adjusting for potential confounding factors minimally altered the association. However, the association became stronger when it was adjusted for the BMI at 14 years. For females, adjusting for the Adolescents bullying and adult obesity AA Mamun et al potential confounding factors including internalising and externalising behavioural problems and pubertal development stages at 14 years reduced the point estimate of the association by one-fifth. The associations between four mutually exclusive categories of overweight and bullying status at 14 years and BMI at 21 years are presented in Table 5 . Young adults who were overweight at 14 years had greater BMI at 21 years compared with young adults who had normal BMI and not bullied at 14 years. In contrast, young adults who had normal BMI and was bullied at 14 years had same BMI at 21 years as the young adults who had normal BMI and not bullied at 14 years. We tested whether the combined effect of bullying and overweight status at 14 was greater compared with the not bullied but overweight at 14 years and we found it was significantly greater (mean difference in BMI was 1.63, 95% CI: 0.79, 2.48). Adjustment for potential confounding or mediating factors did not alter this association considerably.
DISCUSSION
Much of the research conducted in the obesity and victimisation literature has focused on the association between being overweight or obese and subsequent bullying and social isolation that follows. Most of the studies have focused on the association between bullying and obesity among children or adolescents. However, very little research exists that examines whether adolescents bullying behaviour predicts young adult obesity. Using a longitudinal study, we found that adolescents who were bullied were at a significantly greater risk of higher BMI and of becoming obese by young adulthood. By examining the relationship of being bullied at adolescents and young adult BMI for each sex separately, we found the association was stronger for females than males. This prospective association was consistent for males but there was some attenuation for females after adjusting for potential confounding or mediating factors including childhood behavioural problems and pubertal development stages.
A large body of research has suggested that biological processes associated with pubertal development may explain some of the most fundamental physiological and psychological differences in adolescent males and females. Particularly, in females, early puberty has been found to be associated with more mental health problems such as depression, lower selfesteem 26 and an increase in negative self-concept, body dissatisfaction and internalising behaviours 27 and overweight and obesity. 28 Liu and Kaplan 29 assert that due to heightened psychosocial pressure placed on girls, an increase in internalising problems and fluctuations in self-image are found for females but not for males. In our study, following adjustment for pubertal stage, internalising and externalising behavioural problems at 14 years, the association between bullying and BMI was not altered for males but there was a mediation effect for females. A further mediation test, showed that internalising behaviour problems of female adolescents mediated this association.
Extending on previous research, 3,4 the current study has found that as a consequence of being bullied at age 14, adolescents were at a greater risk of being obese at age 21, and this result was Multiple linear regressions were used. BMI at 21 years was outcome and being bullied at 14 years was the exposure with two categories 'never bullied' and 'bullied occasionally/often' , never bullied was considered as a reference category in all models. b All models are additionally adjusted for offspring gender. Multinomial logistic regressions were used. BMI categories (normal, overweight and obese) at 21 years was considered outcome and being bullied at 14 years was the exposure with two categories 'never bullied' and 'bullied occasionally/often' , never bullied was considered as a reference category in all models.
independent of a range of potential confounding factors. These findings parallel results of other studies where it has been shown that peer bullying predicted increases in adolescent BMI over one 5 and three 11 year time spans. Our study has shown that peer bullying among overweight adolescence may have a long-term impact on obesity from adolescence to young adulthood. We also found that adolescent bullying has no impact on becoming overweight from adolescence to young adulthood. Our data support that those offspring who were overweight were at higher rate of bullying compared with those who had normal BMI at 14 years (48 vs 39%). This could also reflect a vulnerability of those already overweight to bullying, or possibly the nature of the bullying itself, which we could not test in our data. Evidence of gender differences of the association between bullying and obesity in previous studies is inconclusive: some studies have found a positive association for both males and females, 4 some have found only an association for females 30 and others have found negative association for males. 13 In our study, we found the positive association for both males and females, more so for females than males. However, there were gender differences in the role of confounding or mediating factors. The association remains consistent for males adjusting for potential confounding or mediating factors such as adolescents internalising and externalising behavioural problems and their pubertal development. For females, the association was partly mediated as we have noted.
The causal direction of the association between bullying and obesity remains largely a matter of debate. It remains difficult to test the direction of causally without repeated measures of bullying and obesity and the consideration of the potential confounding factors. In our study we have addressed this issue at least partially. The composite indicator of bullying at 14 years and overweight at 14 years and its association with BMI at 21 years suggested that adolescents who were overweight at 14 and also being bullied were at greater risk to have higher BMI by 21 years compared with the adolescents who were overweight but not bullied at 14 years.
A primary limitation of this study is the use of self-report questionnaires as measures of bullying behaviour, and the extent to which these behaviours can be predicted from this type of measure needs to be verified. To date, the majority of research in this field has utilised self-report measures as stimuli to assess victimisation and stigmatising attitudes. The bullying information at the MUSP was simply collected as part of the broader coverage of behavioural factors among adolescents. This study was a secondary data analysis of the MUSP cohort study. In order to strengthen the generalisability and validity of measurements within this area, implementing further assessment measures, such as parent, teacher and peer reports, and behavioural observations both in school and at home is advocated. Severity and duration of bullying are important further assessments of this negative behavioural problem. In an epidemiological setting for a large population-based study it may not be easy to collect the detail information from multiple sources. Using 14-and 15-year subsample we found the bullying data we used for the analyses suggested a consistent pattern of response and consequently that the data were collected reliably. However, the validity of the bullying information in this study remains to be demonstrated. Much of the work on this area has adopted the definition of bullying proposed by Olweus in 1990s. 31 Olweus defined a person as bullied when that person was exposed repeatedly over time to negative actions by one or more others, excluding cases where two children of similar psychological and physical strength are fighting. Since the 1990s, researchers have modified Olweus's definition of bullying although there is no consensus towards a gold standard to measure bullying. When we compare the rating criteria of our bullying variables (for example, r ¼ 0.50 and acoefficient ¼ 0.78) with the general rating criteria for evaluating This reliability suggests a degree of validity of measurement as well. The loss to follow-up (LTFU) in the MUSP cohort was considerable, which is discussed in detail elsewhere. 33 In general, participants LTFU up in the MUSP were disproportionately of lower socio-economic status. The disproportionate LTFU may lead to underestimates of the strength of associations. We have used three strategies to assess the impact of attrition on our estimates of association. First, we have used multiple imputation resulting in only marginal changes in our findings. 34 Second, we have undertaken sensitivity analyses modelling a wide variety of associations about the impact of those LTFU. 33 These have provided findings that do not differ substantially. Finally, we have undertaken comparative analyses using data from different cohort studies with different levels of attrition, with the conclusion that substantial variations in loss to follow-up generally have very little impact on the findings. 34 Our results suggest that one in two males and one in three females were being bullied at school by peers, and one in four males and one in three females were bullied in school in the current term. We found that both male and female adolescents who experienced peer bullying were at greater risk of higher BMI and becoming obese at 21 years. We also found that experiencing bullying by the overweight adolescents has the greatest impact on increasing BMI by young adulthood. Our findings highlight the fact that bullying behaviours among adolescents are widespread in the schooling system and that bullying has negative consequences on their long-term weight status. The negative psychological consequences of bullying have been well established. There is a need for investigators to further examine the long-term impact of bullying behaviours in conjunction with adolescents BMI, weight status and other cardiovascular risk factors.
